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Abstract

Geographic information systems (GIS) have been used in environmental
epidemiologic studies primarily for ecologic analyses. However, many public
health researchers are aware of the limitations of the ecologic study when com-
pared with cohort and case-control designs. This paper outlines an approach
to be used in a GIS-dependent, case-control analysis of cancer incidence and
land use patterns. The study base consists of residents in Jefferson County,
Alabama, a large metropolitan area with a population of approximately
650,000. Incident cases of three primary cancers (brain/central nervous sys-
tem, non-Hodgkin’s lymphoma, and pancreas) are identified through the
Alabama Statewide Cancer Registry. A static residential requirement of five
years is imposed on study subjects to estimate a minimal latency period for
neoplastic development and control for population mobility. Georeferencing
of cases and controls is anticipated to be highly accurate due to linkage with
tabular data and related digitized parcel coverages maintained by the county.
As with many GIS-based health studies, distance is a surrogate for exposure
and is assessed using buffers generated around residential parcels. Land use
characteristics are defined for every parcel in the county (approximately
290,000) and are divided into 16 classes ranging from agriculture and low-
density residential to heavy industrial and resource extraction (mining). This
study should describe the spatial distribution of these particular cancers in a
major metropolitan area as well as address the potential relationships between
environmental determinants and disease incidence.
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Introduction

Cancer is a multifactorial disease frequently having etiologies of both environmental
and genetic influence. Because of the diverse nature of cancer and the variability of
anatomical characteristics exhibited by this disease, health researchers use many scales
of analysis. These differing scales range from the study of the disease at molecular and
cellular levels, to individual cases and large, population-based analyses. This variety of
approaches has been beneficial in understanding biological processes, risk factors, and
prevention efficacy as it relates to cancer morbidity and mortality.

Cancer has been recognized as a valuable indicator for environmentally related
health effects because there is a definable endpoint (1). Cancers affecting many anatom-
ical sites including bladder, blood, brain, kidney, liver, lung, prostate, and skin have
been associated with exposure to synthetic chemicals in the occupational setting (2). It
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is probable that a portion of the cancer burden also results from environmental (nonoc-
cupational) exposures. These may include effects from natural substances (sunlight,
radon), man-made influences (organic products of incomplete combustion), or a com-
bination of both (asbestos, metals, nitrates, fluorides, exogenous hormones).

Environmental pollutants and resulting adverse health effects have an inherent
spatial relationship. The distance from a contaminant source to a given population can
influence the magnitude of exposure. Therefore, one may infer that proximity to a
source may be a good predictor of the extent of adverse health effects attributable to
that source. A geographic information system (GIS) can be used to organize and ana-
lyze data in studies designed to consider distance and locational attributes.

Historically, studies using GIS have been descriptive in nature. They have also
tended to aggregate exposure/outcome into areas or groups (the ecologic analysis).
From an epidemiological perspective, case-control and cohort designs hold more prom-
ise in quantifying associations between exposure and disease. Therefore, researchers
using GIS should strive to incorporate location-specific measures for both exposure and
disease, avoiding data aggregation techniques. Using location-specific measures in-
creases study precision and validity. Accurate georeferencing of study subjects in-
creases precision by reducing random error. Validity is improved with accurate
exposure estimation because it increases the chance for correctly assessing cases or con-
trols (minimizing nondifferential misclassification). 

The purpose of this study is to describe the spatial variation of cancer incidence in
Jefferson County, Alabama, particularly as it relates to land use. It should be empha-
sized that the methods for defining disease incidence and environmental determinants
in this study are not based on an aggregate model. This manuscript describes the data
sets, study design, and rationale for research. Analysis is not complete so results are not
presented.

Data Sources/Descriptions

The three primary data sets being used in this study detail cancer incidence, residential
parcel history, and land use in Jefferson County. The sources for this information are de-
scribed below. The databases for parcel history and land use are already spatially refer-
enced and accessible via the Jefferson County Information Services network. The data
set for cancer incidence is spatially referenced through matching to the county’s master
address database and subsequent linkage with digitized parcel maps.

Cancer incidence data for Jefferson County are available from the Alabama
Statewide Cancer Registry (ASCR). The ASCR began data collection on January 1, 1996.
This data set is anticipated to be particularly complete for the study area because all of
the hospital-based registries in Jefferson County providing data to the ASCR existed
prior to the beginning of statewide data collection. There are approximately 500 com-
bined cases for the cancers (brain/central nervous system, non-Hodgkin’s lymphoma,
pancreas) and time period (1996–1997) under analysis. Case totals for each category of
cancer examined in this study are documented in Table 1.

The Office of Stormwater Management (OSWM) maintains the land use database.
The OSWM is a nonprofit public entity that deals with environmental compliance is-
sues pertaining to stormwater discharge in Jefferson County. It was created in response
to the National Pollution Discharge Elimination System (NPDES). The stormwater
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coverage used in this study was developed over a span of four years (1991–1994) by
Walter Schoel Engineering. Aerial photography and field-verified land use maps were
the primary sources for creating the coverage (3). The series of aerial photographs used
in this project were taken in 1990 for over 1,300 1-mile sections in the county. For regions
of the county experiencing heavy growth rates, personnel were sent into the field to vi-
sually verify documented patterns. The coverage classifies every parcel in the county
into one of 16 categories of land use. The magnitude of this database is immense, con-
sidering that Jefferson County is an area of over 1,120 square miles and there are ap-
proximately 290,000 individual parcels of land in the county ranging in size from small
residential plots (fractions of an acre) to large commercial and government-owned
properties (multiple acres/square miles). The NPDES data classify every parcel accord-
ing to the scheme outlined in Table 2.

The Jefferson County Tax Assessor database is used in the analysis for many func-
tions. This source details parcel information for the entire county and assists in enu-
merating the study base, georeferencing all study participants, and obtaining
residential parcel characteristics (zoning, length of ownership, property value). Specific
study restrictions have been applied during the query of the tax assessor database to
identify all “eligible” parcels within the county. These parameters and the rationale for
imposing them are discussed subsequently.

Methods

The data described above are being used in a cumulative incidence, case-control analy-
sis of cancer and land use patterns in Jefferson County. Cases are defined as primary
cancers occurring in Jefferson County that are identified through the ASCR for the pe-
riod of 1996 through 1997.

Study restrictions insure that cases are derived from the same cohort (the study
base) out of which controls are selected (4). These parameters are applied to the parcel
of land where subjects reside. Eligible parcels must meet the following restrictions:

• Should lie completely within the boundaries of Jefferson County
• Should be zoned for residential use
• Cannot have a deed date (transaction) during the period 1992–1997
• Must have homestead status

For obvious reasons, a study subject’s residential parcel must fall within the county
boundaries. If this condition is not met, then that individual is not considered to be a
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Table 1 Cancer Cases by Anatomical Site, Jefferson County, AL, 1996–1997

Number of Cancer Cases

Anatomical Site 1996 1997

Brain/central nervous system 46 34

Non-Hodgkin’s lymphoma 129 118

Pancreas 80 84



resident of Jefferson County. Study subjects include only Jefferson County residents be-
cause the tax assessor database, digitized parcel maps, and land use coverage are all
limited to this region.

All participants must live on a parcel zoned for residential use. This restriction is
imposed to enumerate a control population more precisely. By eliminating all parcels of
land used for commercial, industrial, government, and other nonresidential purposes,
the remaining set should constitute a viable group of parcels where people actually live.

Eligible parcels cannot have a deed date between 1992 and 1997. Deed dates within
the tax assessor database indicate a parcel transaction. By imposing this restriction, all
members of the study base should have lived at their current residence for a minimum
of five years. The five-year period is chosen arbitrarily but provides an estimate for
static residential populations. This residential exclusion period serves many purposes.
It provides more plausibility to the study design by establishing a minimal latency pe-
riod for initiation and progression of neoplastic growth to diagnostic levels. Five years
is an extremely short latency period, but extending this to 10, 15, or even 20 years would
severely compromise the size of the study population. The five-year exclusion also as-
sists in controlling for population mobility, an important consideration when studying
locational attributes of disease status within urban areas. This is particularly true for
urban residents in the US because they exhibit some of the highest levels of mobility for
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Table 2 Land Use Categories, Jefferson County, AL, 1991

Percentage of Area
Database Number of within Jefferson 
Coding Field Description Polygonsa County

AG Agriculture 960 6.3%
CH Heavy commercial 117 0.6%
CL Light commercial 661 0.3%
CU Urbanized commercial 252 0.7%
HW Highway 9 1.3%
IH Heavy industrial 342 1.7%
IL Light industrial 617 1.2%
INST Institutional (schools, churches) 1,247 1.3%
OS Open space (parks, recreational areas, 142 1.0%

greenways)
RE Resource extraction (mining) 457 1.9%
RH High-density residential 864 3.4%
RL Low-density residential 1,137 4.9%
RM Moderate-density residential 1,091 9.2%
RT Mobile home parks 128 0.1%
U Undeveloped 1,698 64.6%

W Water 398 1.4%

a  The number of polygons per land use category does not correspond with the number of parcels for each re-
spective group. Adjoining parcels with the same land use coding have been concatenated into one polygon
using the dissolve function in ARC/INFO.



any industrialized nation. The main limitation in imposing the five-year residential re-
quirement is that it will decrease study precision (power) by eliminating cases that do
not meet this parameter.

The exclusion of parcels without homestead status will eliminate potential cohort
members who rent their residence. The exclusion of renters is necessary because it is
virtually impossible to follow their residential history with the county records used in
this study. Renters are a more mobile population and many would probably not meet
the five-year static residential requirement. Imposing this parameter increases study va-
lidity because it strengthens the definition of the study base by minimizing selection
bias. However, it also decreases precision because some cases will be excluded from the
analysis. 

The time frame under analysis in this study is used for many reasons. Case infor-
mation from the ASCR is available only for this span. Also, this period corresponds well
with potential exposure to the 1991 land use coverage combined with the five-year
static residential requirement. In other words, all study subjects identified during the
1996–1997 time frame must have lived at their current residence since 1991/1992, ap-
proximately the same period during which the land use audit (exposure assessment)
was conducted.

The processes for georeferencing cases and controls differ slightly. They are both
linked to their residential parcel via digitized parcel maps. However, controls are ini-
tially defined by querying the tax assessor database for “eligible” parcels, while cases
are provided by ASCR. Because all eligible controls are identified and accurately geo-
referenced by querying the tax assessor database, there is no need for matching address
fields. If a parcel meets all the study restrictions, then it is selected along with the spa-
tial references documented in the digitized parcel coverage. Cases, however, are geo-
referenced by matching street addresses documented in the ASCR database to the
county’s master address database, with subsequent linkage to digitized parcel maps.
The matching of text-based address fields between databases is more cumbersome and
problematic.

Once all study subjects are georeferenced, exposure is assessed by generating con-
centric buffers of predefined size around each parcel polygon label point and aggregat-
ing land use characteristics found therein. Because distance is a surrogate for exposure,
varying buffer sizes will assist in dose-response and trend analyses. Buffering around
points instead of parcel boundaries insures that the area encompassed by buffers using
the same predefined diameter will not vary. If boundaries (polygons) of residential
parcels were used to determine buffering dimensions, the buffered regions would vary
in size corresponding with parcel size. They would also take on heterogeneous shapes.
These factors may produce “spatial” confounding.

Discussion

Health outcome data are often georeferenced to areal units such as state, county, mu-
nicipality, zip code, or census tract. They are infrequently assigned a point value even
though this provides a much more accurate, non-aggregate, locational description. This
practice stems from the fact that most health outcome datasets include either informa-
tion on an areal unit or have a data element that can be easily related to a region.

The method of georeferencing used in this analysis is anticipated to be highly
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accurate compared with typical procedures involving linkage with street address
ranges. The US Census Bureau’s TIGER/Line files provide a common means for match-
ing a list of addresses to street segments and their respective address ranges. However,
the use of address ranges can be problematic. Most address matching programs allocate
addresses at evenly spaced intervals along a street line segment, recessed off the street
by a predefined value. An apartment complex located at one end of a street may ac-
count for the majority of addresses on that segment, yet addresses will be allocated at
equal intervals along the entire path. With the method for georeferencing used in this
analysis, study subjects will be linked directly to the parcel of land where their resi-
dence is located. This will eliminate the erroneous assumption of evenly spaced, single-
dwelling residences.

Conclusion

Geographic information systems are being integrated into many of today’s information
management sectors. GIS is already an important component of earth sciences. This
growth will eventually have a substantial impact on the collection, management, and
analysis of health outcome data. GIS provides environmental health researchers with the
ability to combine data from population-based cancer registries and environmental haz-
ard assessments. For cancers in which environmental exposures are potential risk factors,
it will mature as a more useful analytical tool. Public health is beginning to witness the
use of GIS in many facets, although this is not always published in the standard epi-
demiologic and environmental health literature (5,6,7). This growth should continue, as
information technologies become an increasingly important part of our society.
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